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(57) ABSTRACT

A torsional vibration damping arrangement, particularly fora
drivetrain with an automatic transmission, includes an input
region and an output region, wherein a first torque transmis-
sion path and parallel thereto a second torque transmission
path and a coupling arrangement for superposing the torques
transmitted via the torque transmission paths are provided
between the input region and the output region. The torsional
vibration damping arrangement further includes at least in the
first torque transmission path a phase shifter arrangement for
generating a phase shift of rotational irregularities transmit-
ted via the first torque transmission path relative to rotational
irregularities transmitted via the second torque transmission
path.
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1
TORSIONAL VIBRATION DAMPING
ARRANGEMENT

PRIORITY CLAIM

This is a U.S. national stage of International Application
No.PCT/EP2010/068823, filed on 3 Dec. 2011, which claims
priority to German Application No. 10 2010 029 255.9, filed
25 May 2010, the contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to a torsional vibration
damping arrangement such as can be used, for example, in the
drivetrain of a vehicle.

2. Description of the Related Art

Especially in drivetrains constructed with internal combus-
tion engines, a constant torque can generally not be intro-
duced into a drivetrain because periodic ignitions occur in the
internal combustion engines and the energy released as a
result is converted into a rotational movement of the crank-
shaft. The torque delivered by the crankshaft and the rota-
tional speed thereof are both subject to fluctuations and oscil-
lations or, generally speaking, rotational irregularities.
Because rotational irregularities of this type may be notice-
able in driving mode, a general objective is to eliminate these
rotational irregularities as far as possible.

For example, it is known to use energy accumulators or
energy storages, i.e., for example, springs or moving masses
or combinations thereof, to temporarily store the energy
occurring in rotational irregularities of the kind mentioned
above and then to guide it into the drivetrain in such a way that
a smoother speed characteristic or torque characteristic can
be achieved. Mass pendulums known as speed-adaptive mass
dampers convert the rotational irregularities occurring in
driving condition into oscillating deflections of vibrating
masses; the deflection is carried out in opposition to centrifu-
gal force and, by predefining the deflection path and the
masses to be deflected, it is possible to tune to particular
excitation speeds or excitation frequencies. Mass dampers of
this type can, of course, be combined with systems of masses
which execute oscillations through the use of springs or the
like.

Because of the increasingly restricted space availability in
modern vehicles, there is also less installation space available
for the systems used for vibration damping with consequent
loss of decoupling quality, i.e., in the reduction of occurring
rotational irregularities.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a torsional
vibration damping arrangement, particularly for a drivetrain
with an automatic transmission, which achieves an improved
reduction of rotational irregularities introduced into the driv-
etrain.

According to the invention, this object is met through a
torsional vibration damping arrangement, particularly for a
drivetrain with an automatic transmission, comprising an
input region and an output region. A first torque transmission
path and parallel thereto a second torque transmission path
and a coupling arrangement for superposing the torques
transmitted via the torque transmission paths are provided
between the input region and the output region. The torsional
vibration damping arrangement further includes at least in the
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2

first torque transmission path a phase shifter arrangement for
generating a phase shift of rotational irregularities transmit-
ted via the first torque transmission path relative to rotational
irregularities transmitted via the second torque transmission
path.

In the torsional vibration damping arrangement according
to the invention, it is ensured through the use of the phase
shifter arrangement that a destructive superposition of oscil-
lation components occurs in the torque to be transmitted in
that the transmitted torque is first divided and then recom-
bined by the phase shift that is introduced. Ideally, the rota-
tional irregularities are virtually completely eliminated at
least in a particularly critical frequency range.

In order that this phase shift can be achieved efficiently in
a structurally simple manner, it is suggested that the phase
shifter arrangement includes an oscillation system having a
primary side and a secondary side which is rotatable relative
to the primary side around the axis of rotation against the
force of a spring arrangement.

The phase shifter arrangement is accordingly constructed
substantially on the basis of the operating principle of a dual-
mass oscillator in which two masses, i.e., essentially the
primary side and secondary side, oscillating relative to one
another against the action of the spring arrangement are pro-
vided with a desired oscillation behavior through selection of
spring stiffness on the one hand and of mass ratios and mass
inertia at the primary side and secondary side on the other
hand. An oscillation system of this kind characteristically has
a resonant frequency. In the frequency range below the reso-
nant frequency, an oscillation system of this kind exhibits
subcritical oscillations, i.e., excitation and reaction of the
system occur substantially simultaneously. When the reso-
nant frequency is exceeded, a phase shift occurs so that exci-
tation and reaction occur substantially out of phase with one
another and the system accordingly operates supercritically.
This phase shift which ideally has a maximum value of 180°
is made use of by the present invention to achieve the desired
reduction in rotational irregularities in that the torque oscil-
lation component that is phase-shifted in this way is super-
posed with the non-phase-shifted torque oscillation compo-
nent.

To achieve a further improvement in vibration damping
behavior in the torque transmission path to the driven mem-
ber, it is suggested that the output region includes a further
oscillation system with a primary side and with a secondary
side which is rotatable relative to the primary side against the
action of a spring arrangement.

According to a particularly advantageous aspect, it is sug-
gested that a housing arrangement is provided which is rotat-
able around an axis of rotation, is filled or tillable with fluid,
and surrounds at least the coupling arrangement. The integra-
tion of at least the coupling arrangement in a housing arrange-
ment which is filled or fillable with fluid makes it possible to
reduce wear particularly in the region of the coupling arrange-
ment through the fluid and the lubricating effect brought
about by it, particularly when the fluid is oil. Influence can
also be exerted on the damping behavior because moving
components are to be moved against the resistance of the fluid
and energy is dissipated in this way.

It can further be provided that the housing arrangement
surrounds at least a portion of the phase shifter arrangement.

In an alternative embodiment, it is suggested that at least a
portion of the phase shifter arrangement is arranged outside
of the housing arrangement.

In a particularly advantageous aspect of the invention, it is
suggested that the torque flow from the housing arrangement
and/or input region to a driven member cannot be interrupted.
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This means that in contrast to a hydrodynamic torque con-
verter, for example, in which the torque flow can be produced
and interrupted selectively by the lockup clutch, the torsional
vibration damping arrangement within the meaning of the
invention can actually also operate only as such in the torque
flow but cannot be used to decouple the area downstream
thereof in a drivetrain. In the construction according to the
invention, there actually exists between the housing arrange-
ment and the driven member a permanent, indissoluble con-
nection which nevertheless contributes to the damping of
torsional vibrations.

For example, the driven member can comprise a driven hub
which is coupled or can be coupled to a driven shaft, prefer-
ably a transmission input shaft, for common rotation around
the axis of rotation.

The supply of fluid to the housing arrangement can be
ensured, for example, in that the housing arrangement com-
prises a drive formation for driving a fluid pump for convey-
ing fluid into the housing arrangement. In this way, a fluid
pump can also be activated whenever the housing arrange-
ment is driven in rotation around the axis of rotation, and it is
therefore ensured that the housing arrangement is sufficiently
filled with fluid during operation.

In an embodiment which is very simple in terms of con-
struction and can be realized in a compact manner, it is sug-
gested that the coupling arrangement comprises a planetary
transmission arrangement. To this end, it can be provided, for
example, that the planetary transmission arrangement
includes a planet gear carrier which is connected to the second
torque transmission path and which has a plurality of planet
gears rotatably supported thereon. The planet gears can be
formed as essentially circular gears, i.e., gears which are
toothed around the entire circumference, or alternatively can
also be formed as segmented gears.

In order that the planetary transmission arrangement and
planet gears thereof can be used in a simple manner for
combining the torques or torque components transmitted via
the two torque transmission paths, the planetary transmission
arrangement includes a first coupling gear arrangement in
meshing engagement with the planet gears which is con-
nected to the first torque transmission path and a second
coupling gear arrangement in meshing engagement with the
planet gears which is connected to the output region.

In this way it can be provided, for example, that the first
coupling gear arrangement in connection with the planet
gears and the second coupling gear arrangement in connec-
tion with the planet gears provide transmission ratios that are
identical to one another. By providing substantially identical
transmission ratios, the torque components of the total torque
to be transmitted which are directed via the two torque trans-
mission paths can be made substantially equal.

The torques or torque components to be transmitted via the
two torque transmission paths can be influenced in such a way
that they are not equal to one another in that the first coupling
gear arrangement in connection with the planet gears and the
second coupling gear arrangement in connection with the
planet gears provide transmission ratios that differ from one
another.

The first coupling gear arrangement and the second cou-
pling gear arrangement can be constructed in each instance as
a ring gear arrangement, i.e., can cooperate with the planet
gears in the radially outer region thereof. Alternatively, it can
be provided that the first coupling gear arrangement and the
second coupling gear arrangement each comprise a sun gear
arrangement.

To further influence the vibration damping behavior the
oscillation system and/or the further oscillation system
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include(s) at least two vibration dampers arranged in series
with one another and respectively comprising a primary side
and a secondary side which is rotatable relative to the primary
side. Alternatively or in addition, oscillation system and/or
the further oscillation system include(s) at least two vibration
dampers acting in parallel with one another and respectively
comprising a primary side and a secondary side which is
rotatable relative to the primary side.

When the oscillation system and/or the further oscillation
system comprise(s) a speed-adaptive vibration damping
arrangement having at least one deflection mass which can be
deflected in circumferential direction from a basic position
and which in so doing changes its distance from the axis of
rotation, it is further possible to adapt the vibration damping
behavior to specific excitation frequencies and orders thereof.

In an alternative embodiment, this can be achieved in that
the oscillation system and/or the further oscillation system
include(s) a fixed-frequency vibration damping arrangement
having at least one oscillation mass which can be deflected
against the action of a return spring arrangement.

Further, the vibration damping behavior can be influenced
in an advantageous manner in that a friction damping arrange-
ment is associated with the oscillation system and/or with the
further oscillation system, which friction damping arrange-
ment opposes a relative rotation between primary side and
secondary side thereof.

The present invention is further directed to a drivetrain for
avehicle, comprising an automatic transmission with a trans-
mission input shaft and a torque flow interrupting arrange-
ment internal to the transmission for selectively interrupting
the torque transmission connection between the transmission
input shaft and a transmission output shaft, further compris-
ing a torsional vibration damping arrangement according to
the invention, wherein the output side is coupled with the
transmission input shaft for common rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in detail in the
following with reference to the accompanying drawings.

FIG. 1 is a longitudinal sectional view through an auto-
matic transmission.

FIG. 2 is a schematic fragmentary longitudinal sectional
view through a torsional vibration damping arrangement.

FIG. 3 is a view corresponding to FIG. 2 of an alternative
embodiment.

FIG. 4 is a view corresponding to FIG. 2 of an alternative
embodiment.

FIG. 5 is a view corresponding to FIG. 2 of an alternative
embodiment.

FIG. 6is a fragmentary longitudinal sectional view through
a torsional vibration damping arrangement corresponding to
the construction principle in FIG. 5.

FIG. 7 is a view corresponding to FIG. 2 of an alternative
embodiment.

FIG. 8 is a view corresponding to FIG. 2 of an alternative
embodiment.

FIG. 9 is a view corresponding to FIG. 2 of an alternative
embodiment.

FIG. 10 is a view corresponding to FIG. 2 of an alternative
embodiment.

FIG. 11 is a fragmentary longitudinal sectional view
through a torsional vibration damping arrangement corre-
sponding to the construction principle in FIG. 10.
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FIG. 12 is a view corresponding to FIG. 2 of an alternative
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An automatic transmission provided for the drivetrain of a
vehicle is designated generally by 10 in FIG. 1. The transmis-
sion 10 comprises a transmission housing 12 with a wet space
16 which is enclosed in a substantially fluid-tight manner by
an intermediate plate 14. The various transmission compo-
nents for changing the speed ratio, i.e., planetary transmis-
sion, coupling arrangements, brake arrangements, and the
like, are provided in the wet space 16. In particular, these
components include a brake arrangement 18 which is
arranged in the wet space 16 and which can be used to inter-
rupt the torque flow from a transmission input shaft 20, which
is guided through the intermediate plate 14 in a fluid-tight
manner, to a transmission output shaft 22. This brake arrange-
ment 18 accordingly operates as a starting element internal to
the transmission, by means of which it can be ensured that
when the drive unit, e.g., internal combustion engine, is run-
ning and the vehicle is stationary the transmission output
shaft 22 can be stationary, while the transmission input shaft
20 can rotate with a driveshaft, for example, crankshaft.

When an automatic transmission 10 is constructed in this
manner, it is not necessary to provide an additional starting
element, i.e., a system such as, e.g., a hydrodynamic torque
converter or the like coupling, suitable for selectively produc-
ing or interrupting the torque flow. This means in turn that the
volume region 26 which is enclosed by a bell housing 24 of
the transmission housing 12 and in which the end of the
transmission input shaft 20 projecting out of the wet space 16
is also located can be used for arranging a torsional vibration
damping arrangement. The housing 12 of the automatic trans-
mission 10 is connected to a drive unit, e.g., an internal
combustion engine, by this bell housing 24 so that the tor-
sional vibration damping arrangement is ultimately located
and operative in the torque flow between the drive unit or
driveshaft thereof and the automatic transmission 10 or trans-
mission input shaft 20 thereof.

In the following, various embodiment forms of torsional
vibration damping arrangements are described with reference
to FIGS. 2 to 11 which can be used in a particularly advanta-
geous manner according to the principles of the present
invention in an automatic transmission 10 such as is shown in
FIG. 1.

The torsional vibration damping arrangement 28 shown in
FIG. 2 comprises a housing 30 which is coupled or can be
coupled on the drive side to a driveshaft 32, for example, the
crankshaft of an internal combustion engine 34 which is only
indicated schematically. By means of this coupling, the hous-
ing 30 is rotatable together with this driveshaft 32 around an
axis of rotation A which also corresponds, e.g., to the axis of
rotation of the transmission input shaft 20.

On the side facing the automatic transmission 10, the hous-
ing 30 has a pump drive hub 36 which, for example, projects
through the intermediate plate 14 shown in FIG. 1 and drives
a fluid pump or transmission oil pump arranged in the wet
space 16. Accordingly, this fluid pump which is internal to the
transmission can be activated through rotation of the housing
30 similar to a hydrodynamic torque converter, and fluid can
be conveyed through an intermediate space 38 formed, for
example, between the transmission input shaft 20 and the
pump drive hub 36, into the interior 40 of the housing 30 and
also removed again therefrom. In this case, it is not necessary,
for example, to provide bores in the transmission input shaft
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20 for supplying the interior 40 as is the case, for example, in
a hydrodynamic torque converter. Also, it is not necessary to
provide a hollow supporting shaft such as is provided, for
example, for a stator of a hydrodynamic torque converter. The
dynamic sealing between the wet space 16 and the volume
region or interior 26 enclosed by the bell housing 24 is carried
out by means of a seal system 42 which acts between the
transmission input shaft 20 and the intermediate plate 14 and
between the intermediate plate 14 and the pump drive hub 36.

The torsional vibration damping arrangement 28 com-
prises a driven member 44 in the interior 40 of the housing 30.
The driven member 44 is coupled or can be coupled, for
example, by toothed engagement, with the transmission input
shaft 20 for common rotation with the latter. Between the
housing 30 and the driven member 44, there are two torque
transmission paths 46, 48 which are guided together in the
area of a coupling arrangement 50 upstream of the driven
member 44 constructed as driven hub and branch in an input
region 52. The input region 52 is fixedly coupled to the
housing 30 so that the torque flow from the housing 30 into the
input region cannot be interrupted.

The two torque transmission paths 46, 48 branch out in the
input region 52. The first torque transmission path 46 thereof
comprises a phase shifter arrangement 56 which causes the
torque transmitted via this first torque transmission path 46 to
undergo a phase shift relative to the torque transmitted via the
second torque transmission path 48.

The phase shifter arrangement 56 includes a torsional
vibration damper 58 having a primary side 60, a secondary
side 62 and a spring unit 64 which opposes a relative rotation
between the primary side 60 and the secondary side 62. The
torsional vibration damper 58 can be constructed in a conven-
tional manner and, for example, can comprise as primary side
a hub disk and as secondary side two cover disk elements
which are disposed on either side thereof and which are
fixedly connected to one another. The spring unit 64 can have
aplurality of springs, preferably helical compression springs,
which are disposed successively in circumferential direction
and which, being supported at the primary side 60 and sec-
ondary side 62, cause a restoring force thereof with respect to
one another in direction of a neutral relative rotational posi-
tion. Accordingly, in the embodiment example shown in FI1G.
1, the torsional vibration damper 58 substantially provides an
oscillation system 66 which leads in the first torque transmis-
sion path 46 to a phase shift of rotational irregularities or
torque oscillations transmitted via this first torque transmis-
sion path 46. This oscillation system 66 has a natural fre-
quency or resonant frequency as aresult of the masses present
at the primary side and secondary side 62 and the spring unit
64 of the torsional vibration damper 58 which provides the
spring arrangement of the oscillation system 66 in this case.
When vibrations are excited below this natural frequency,
vibrations which are to be transmitted are transmitted sub-
stantially without a phase shift. When the resonant frequency
is exceeded, a phase shift occurs which ideally and at most
can amountto 180° so that exciting vibrations and transmitted
vibrations are out of phase with one another.

The torques or torque components transmitted via the two
torque transmission paths 46, 48 are combined again in the
coupling arrangement 50. To this end, the coupling arrange-
ment 50 is constructed as a planetary transmission arrange-
ment 68 and comprises a planet gear carrier 70 coupled to the
first torque transmission path 48. This planet gear carrier 70
carries a plurality of planet gears 72 distributed in circumfer-
ential direction. These planet gears 72 have two sets of teeth
74,76 which are axially offset with respect to one another and
which in the embodiment example shown in FIG. 1 have



US 9,303,744 B2

7

diameters which differ from one another with respect to the
rotational axes of the planet gears 72 at the planet gear carrier
70.

A first ring gear 78 is connected to the secondary side 62 of
the torsional vibration damper 58 and oscillation system 66,
respectively, and is in meshing engagement with the teeth 74
of'the planet gears 72. A second ring gear 80 which substan-
tially also provides an output region 82 of the torsional vibra-
tion damping arrangement 46 is in a toothed engagement with
the teeth 76 of the planet gears 72. The second ring gear 80 is
fixedly connected to the driven member 44 so that the torque
flow can also not be selectively interrupted or produced in the
output region 82, i.e., between the coupling arrangement 50
and the driven member 44, but rather is permanently estab-
lished. This also applies to the region of the torsional vibra-
tion damping arrangement 28 located between the branching
in the input region 52 and the joining of the two torque
transmission paths 46, 48 in the region of the coupling
arrangement 50. The secondary side 62 and the ring gear 78
coupled therewith can be supported at the output region 82,
for example, by a bearing 86.

Through cooperation of the planet gears 72 with the two
ring gears 78, 80, these planet gears 72 being carried on the
planet gear carrier 70 so as to be basically freely rotatable, the
planetary transmission arrangement 68 causes the torques
transmitted via the two torque transmission paths 46, 48 to be
combined. When these torques contain oscillation compo-
nents and if the frequency of these oscillation components or
fluctuation components is below the resonant frequency of
the oscillation system 66, the two torques or torque compo-
nents are combined and superposed in phase in the coupling
arrangement 50. The torque transmitted into the output region
82 accordingly also approximately corresponds with respect
to its fluctuation characteristic to the torque received in the
input region 52 of the lockup clutch 54.

However, if the frequency of the oscillation component lies
above the resonant frequency of the oscillation system 66,
i.e., of the torsional vibration damper 58 in this instance, the
two torques transmitted with their oscillation components via
the torque transmission paths 46, 48 are destructively super-
posed in the coupling arrangement 50. Ideally, i.e., with a
phase shift of 180°, the oscillation components can be com-
pletely eliminated so that the torque received at the output
region 82 has a substantially smooth characteristic or at least
a characteristic with appreciably reduced oscillation.

To further influence the damping behavior of the torsional
vibration damping arrangement 42, a supplementary mass 84
can be associated, for example, with the secondary side 62 so
as to increase the mass on the secondary side and therefore
exert an influence on the resonant frequency. Further, a fric-
tion damping arrangement, designated generally by 85, can
be associated with the oscillation system 66. Friction damp-
ing arrangement 85, for example, can act parallel to the spring
unit 64 between the primary side 60 and the secondary side 62
and can be configured as a Coulomb friction device or as a
fluid friction device. Providing a friction damping arrange-
ment 85 of this type acting in parallel with the spring unit 64
also substantially influences the magnitude of the phase shift
introduced by the oscillation system 66.

The configuration of the torsional vibration damper 58,
(i.e., the mass at the primary side 60, the mass at the second-
ary side 62; the stiffness of the spring unit 64, and the supple-
mentary mass 84 reinforcing the secondary-side mass) gen-
erally aims for the lowest possible natural frequency of the
oscillation system 66 in order to achieve the transition to the
supercritical operating condition, i.e., the operating condition
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working with phase shift, already at comparatively low exci-
tations of oscillation, i.e., already at a comparatively low
rotational speed.

Due to the fact that the two sets of teeth 74, 76, and there-
fore also the two ring gears 78, 80, have different diameters,
it is possible to exert an influence on the distribution of
torques to the two torque transmission paths 48, 48. The
closer the diameters of the ring gears 78, 80 to one another,
and therefore the closer the diameters of the sets of teeth 74,
76 to one another, the more uniform the components of the
torques transmitted via the two torque transmission paths 46,
48. In the embodiment example shown in FIG. 1 in which the
teeth 74 cooperating with the ring gear 78 have a greater
diameter, a transmission ratio below 1 is achieved; with the
reverse size ratio, a transmission ratio above 1 is achieved. In
the former case, the torque transmitted via the first torque
transmission path 46 is increased by making use of a torque
flow reversal in the second torque transmission path 48,
namely, by supporting at the coupling arrangement 50. In this
case also, within the meaning of the invention, a destructive
superposition of the two torque flows in the torque transmis-
sion paths is used to obtain a substantially smoother total
torque at the output region 82. In the latter case, i.e., when
teeth 76 are larger and teeth 74 are smaller, the torque intro-
duced at the input region 52 is divided corresponding to the
size ratios in such a way that a torque flow is carried out in the
same direction in both torque transmission paths 46, 48 and
the two torque components guided in the same direction are
superposed on one another in the coupling device 50.

By providing the torsional vibration damping arrangement
28, shown in FIG. 2, as closed system, i.e., by providing a
volume which is substantially enclosed by the housing 30, it
is possible to protect the different system areas contributing to
the damping of torsional vibrations from excessive wear by
means of the fluid present in the housing 30 during operation.
This chiefly concerns the coupling arrangement 50 and plan-
etary transmission arrangement 68 in which the two torque
components transmitted via the torque transmission paths 46,
48 are guided together. The movement, e.g., of the planetary
transmission arrangement 68 and also of the torsional vibra-
tion damper 58 in the fluid, which is generally to be consid-
ered as aviscous medium, also influences the damping behav-
ior because energy is dissipated due to the necessity of
displacing fluid.

This type of construction of the torsional vibration damp-
ing arrangement 28 is suitable above all in connection with an
automatic transmission because the supply of fluid to the
interior 40 can be ensured in this way. In so doing, a trans-
mission control device which can actuate different valves in
order to release or interrupt the flow path to the interior 40 of
the housing 30 can be provided in the housing 12 of the
automatic transmission 10, particularly also in the wet space
16. In so doing, the fluid is removed from the fluid sump in the
housing 12 and returned to the latter again by the pump which
is driven by the housing 30 itself.

FIG. 3 shows a modified embodiment form in which the
planetary transmission arrangement 68, i.e., the coupling
arrangement 50, comprises a sun gear 78' and sun gear 80' for
cooperating with the two sets of teeth 74, 76 of stepped planet
gears 72. These sun gears 78', 80' are arranged in this case
radially inwardly of the planet gears 72, which are arranged
so as to be distributed in a circumferential direction around
the axis of rotation A sun gear 78', 80" lead to the superposi-
tion of the torque components transmitted into the two torque
transmission paths 46, 48 and to the further transmission of
the total torque achieved by the superposition into the output
region 82 and driven member 44.
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In the embodiment form shown in FIG. 4, the oscillation
system 66 comprises two torsional vibration dampers 58, 58'
which are connected in series in this case. With its primary
side 60, torsional vibration damper 58 substantially also
forms the primary side 60 of the oscillation system 66. Its
secondary side 62 is connected to the primary side 60' of the
second torsional vibration damper 58'. The secondary side 62'
of'the latter substantially also forms the secondary side of the
oscillation system 66 and is coupled with the ring gear 78 and
also with the additional flywheel mass 84. As is the case with
torsional vibration damper 58, a friction damping arrange-
ment 85' can also be provided in torsional vibration damper
58' and can act in parallel with the spring unit 64' thereof.

It is to be noted here that, of course, the two torsional
vibration dampers 58 and 58' could also work in parallel in
this case. To this end, the two primary sides 60 and 60' are to
be fixedly coupled to one another, while the secondary sides
62 and 62' are likewise to be coupled with one another so that
the two spring units can act in parallel with one another.

It will be seen in this embodiment that alternatively or in
addition to the additional flywheel mass 84 a vibration damp-
ing arrangement 89 is provided at the secondary side 62' of the
second torsional vibration damper 58'. This vibration damp-
ing arrangement 89 can be constructed as a speed-adaptive
mass damper with one or more deflection masses which can
be deflected along respective guide paths extending in a cir-
cumferential direction. These guide paths have vertex regions
in which they are at the greatest distance from the axis of
rotation A. When the deflection masses are deflected out of
these vertex regions, they not only move in the circumferen-
tial direction but are also guided radially inward so that they
absorb potential energy. It is possible by means of the geom-
etry of these guide paths and by the selection of masses of the
deflection masses to tune to an exciting oscillation or higher
orders, for example, to the firing frequency. Alternatively, it
would also be possible to configure a vibration damping
arrangement 89 of this kind as a fixed-frequency mass
damper. One or more flywheel masses can be provided for
this purpose. These flywheel masses can deflect against the
return force of springs so that, through the selection of the
masses on the one hand and the selection of spring constants
on the other hand, it is possible to tune to a frequency to be
damped.

As is shown in FIG. 4, it is possible alternatively or in
addition to provide a vibration damping arrangement 89 of
this kind also at the output region 82, for example, coupled to
the ring gear. Of course, the vibration damping arrangement
89 integrated in the first torque transmission path 46 could
also be coupled to the ring gear 78. Further, it is noted that
vibration damping arrangements 89 of this kind which oper-
ate in a speed-adaptive manner or as fixed-frequency mass
dampers can also be provided in any of the other embodiment
forms illustrated herein, namely, so as to be associated with
one of the torque transmission paths 46, 48 and also in asso-
ciation with the output region 82.

In the construction shown in FIG. 5, in addition to the
oscillation system 66 of the phase shifter arrangement 56,
which oscillation system 66 works in the first torque trans-
mission path 46, a further oscillation system 90 is associated
with the output region 82. The further oscillation system 90
lies in the torque flow between the housing 30 and the driven
member 44 downstream of the coupling arrangement 50. The
further oscillation system 90 comprises a torsional vibration
damper 92 with a primary side 94 which is coupled to the
output-side ring gear 80 and a secondary side 96 which is
coupled to the driven member 44. A spring unit 98 acts
between the latter so that the primary side 94 and the second-
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ary side 96 can rotate in a circumferential direction around the
axis of rotation A relative to one another and against the return
action of the springs of the spring unit 92. A friction damping
arrangement 100 can act parallel to the spring unit 98 in this
case also.

A bearing 86 is provided between the primary side 94 of
this further oscillation system 90 and ring gear 80 coupled
thereto and the secondary side 62 of the oscillation system 66
and ring gear 78 coupled thereto. Further, additional support
can be carried out with respect to the transmission input shaft
20 by a bearing 102.

A substantial advantage ofthis embodiment is that between
the two oscillation systems 66, 90 which act in series in this
case, a comparatively inert intermediate mass is achieved by
means of the supplementary mass 84 between the two oscil-
lation systems 66, 90, which proves very advantageous with
respect to the vibration damping characteristic. Since the total
torque transmitted via the torsional vibration damping
arrangement 28 is to be transmitted in every case via the
further oscillation system 90, the spring unit of the further
oscillation system 90 should be designed in such a way that it
can transmit this torque within the range of its elasticity, i.e.,
without a blocking of rotation between the primary side 94
and the secondary side 96 in the entire torque range.

Of course, the additional flywheel mass 84, for example,
can also act at a different position as an intermediate mass.
For example, coupling to the primary side 94 of the torsional
vibration damper 92 or directly to the ring gear 78 could also
be carried out.

FIG. 6 shows an embodiment of the construction principle
shown in FIG. 5. The housing 12 of the torsional vibration
damping arrangement 58 is seen to comprise a plurality of
housing parts or housing shells and has the pump drive hub 36
for engaging in the wet space 16 of the automatic transmis-
sion 10. A coupling unit 106 is provided at a housing shell 104
that is to be positioned facing the drive unit. The coupling unit
106 can be plate-shaped or annular disk-shaped and has a
plurality of coupling portions 108, for example, for screwing
to a flexplate, or the like, which is to be connected in turn in its
radially inner region to the drive shaft 32, for example, by
screws. In this way, the housing 12 can be driven in rotation
around the axis of rotation A.

The input region 52 is coupled, e.g., by a spline connection,
to the housing 12 so as to be fixed with respect to rotation
relative to it and is connected with the primary side 60 of the
torsional vibration damper 58, which primary side 60 is pro-
vided, for example, by a hub disk or a central disk element. In
its radially inner region, this central disk element simulta-
neously also forms the planet gear carrier 70 at which a
plurality of planet gears 72 are supported so as to be distrib-
uted in circumferential direction rotatably around the axis of
rotation by corresponding arbor-like bearing pins. In this
case, the planet gear carrier 70 is rotatably supported on the
driven member 44 by a bearing 110. The secondary side 62
which is provided in this case by two cover disk elements can
also be rotatably supported on the driven member 44 in the
region of a cover disk element, in this case, the drive-side
cover disk element, and by a bearing 112. In this embodiment
form, the planet gear carrier 70 could also be connected
directly to the housing 30, for example, the housing shell 104
facing the drive unit. For this purpose, through-recesses can
be provided in the radially inwardly projecting cover disk
element of the secondary side 62, and corresponding fasten-
ing portions of the planet gear carrier 70 can protrude through
these through-recesses so as to also allow movement in a
circumferential direction relative to this secondary side 62.
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The other cover disk element of the two cover disk ele-
ments of the secondary side 62 forms in its radially inner
region the ring gear 78 cooperating with the larger-diameter
teeth 74 of the planet gears 72.

The further oscillation system 90 and torsional vibration
damper 92 thereof form the ring gear 80 with one of the cover
disk elements of the primary side 94 thereof. A central disk
element acting as secondary side 96 is connected radially
inwardly to the driven member 44 by riveting or the like, but
could also be formed integral with it.

The supplementary mass 84 comprises in this instance two
annular disk-shaped mass parts made of sheet metal material
or cast material, for example. One of these parts is connected
by riveting to the secondary side 62, i.e., the two cover disk
elements thereof, and is connected in its radially outer region
to the other part by riveting. This other part is in turn guided
radially inward and is supported, for example, axially with
respect to the housing 12 and also radially with respect to the
driven member 44.

FIG. 7 shows a construction which basically corresponds
to the construction described above with reference to FIG. 5.
The two oscillation systems 66 and 90 are also seen in this
case, the former being integrated in the first torque transmis-
sion path 46, while the latter is associated with the output
region 82. Also seen here is the construction of an additional
vibration damping arrangement 89 as a fixed-frequency mass
damper. Mass 114 is provided, for example, by one or more
mass parts. One or more springs 116 couple this mass 114 to
the secondary side 62 of the torsional vibration damper 58 and
ring gear 78. A friction damping arrangement 118 can act in
parallel with the spring or springs 116 so that an additional
dissipation of energy can be realized.

What is essential in additional vibration damping arrange-
ments of this kind is that, regardless of whether they are
formed as fixed-frequency mass dampers or as speed-adap-
tive mass dampers, they do not lie in the torque transmission
path but rather comprise masses which oscillate essentially
without torque load.

In the embodiment example shown in FIG. 8, the oscilla-
tion system 66 and therefore the phase shifter arrangement 56
are arranged outside of the housing 30. The input region 52 is
coupled to the driveshaft 32 for common rotation therewith.
The torsional vibration damper 58 can be arranged in such a
way, for example, that the springs of'its spring unit 64 radially
surround the housing 30 and axially overlap with the latter.

The planet gear carrier 70 of the second torque transmis-
sion path 48 projects into the interior 40 of the housing 30 and
is guided through a seal arrangement 120 so as to be fluid-
tight but rotatable into the housing 30. The housing 30 can be
coupled to the secondary side 62 of the torsional vibration
damper 58 so as to be fixed with respect to relative rotation,
for example, by a spline connection 122. Further, the housing
30 can be supported on the planet gear carrier 70 by a bearing
124. Because the housing 30 is supported with respect to the
planet gear carrier 70 by bearing 124 and is therefore held
radially in a substantially defined manner, it is ensured that a
substantially constant seal gap is provided in the seal arrange-
ment 120.

The torque component transmitted by the phase shifter
arrangement 56 arrives in the housing 30 via the secondary
side 62 and the spline connection 122. This housing 30 either
itself forms the ring gear 78 or is fixedly connected to it. The
torque components are guided together by the planet gears 72,
which in turn each have the two sets of teeth 74, 76, and are
conveyed further via the ring gear 80 to the driven member 44
and therefore to the transmission input shaft 20.
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In order to ensure a fluid-tight enclosure of the interior 40
in this embodiment, the seal arrangement 120 positioned on a
smaller radius than seal arrangement 42 is movable relative to
the first seal arrangement. The interior 40 of the housing 30 is
supplied with fluid in the manner described above. By means
of the defined and controlled supply of fluid into the interior
40, it is further ensured that the sealing surfaces of the seal
arrangement are substantially not wetted by fluid during driv-
ing operation or in stationary condition. In the stationary
state, the housing 30 will empty until the filling level is below
the seal arrangement 120. In the driving state, the fluid pri-
marily displaces radially outward due to centrifugal force so
that there is also substantially no wetting of the seal arrange-
ment 120 in this state.

Accordingly, in this embodiment form the action of the
fluid is used only in the region of the coupling arrangement 50
for reducing wear and also as an additional damping compo-
nent.

In the construction shown in FIG. 9, the oscillation system
66 again comprises two torsional vibration dampers 58, 58',
the first of which lies outside of the housing 30 in a manner
corresponding to FIG. 8, while the second torsional vibration
damper 58' lies within the housing 30 but in the first torque
transmission path 46 at the same time. Further, the secondary
side 62 of the first torsional vibration damper 58 is now
connected by means of the above-mentioned spline connec-
tion 122 to the primary side 60" of the torsional vibration
damper 58' located in the housing 30. The secondary side 62'
of the torsional vibration damper 58' thereof is connected to
the housing 30 itself, which in turn carries the ring gear 78 or
itself provides the latter.

In this embodiment example, the primary side 60' of the
torsional vibration damper 58' is supported on the planet gear
carrier 70 and therefore on the second torque transmission
path 48 by the bearing 124. The housing 30 is supported on
the primary side 60' of the torsional vibration damper 58' by
another bearing 126. In this case, the primary side 60' of the
second torsional vibration damper 58' can be formed as inter-
mediate shaft or can be connected to the latter.

In this case also, the seal arrangement 120 through which
the housing 30 is connected in a fluid-tight manner with
respect to the planet gear carrier 70 lies comparatively far
radially inward with respect to the axis of rotation A so that,
taking into account the filling level adjusting itself in driving
operation and in the stationary state, a wetting of the sealing
surfaces thereof can be extensively eliminated.

FIG. 10 shows a construction which is essentially a com-
bination of the embodiment variant according to FIG. 8 and
the embodiment variant according to FIG. 5. The oscillation
system 66 and the torsional vibration damper 58 thereof are
arranged outside of the housing 30, for example, so as to
substantially surround it radially outwardly. The further oscil-
lation system 90 with its torsional vibration damper 92 lies
downstream of the ring gear 80 in the output region 82. Its
secondary side 96 is coupled to the driven member 44.

FIG. 11 is a fragmentary longitudinal sectional view
through an embodiment of the construction principle
explained above referring to FIG. 10. The torsional vibration
damper 58 and primary side 60 thereof are formed with two
cover disk elements which are arranged at a distance from one
another axially. One of these two cover disk elements which
is positioned on the drive side can be coupled by a flexplate or
the like to a driveshaft, for example, a crankshaft of a drive
unit, for common rotation around the axis of rotation A.

The torsional vibration damper 58 is constructed in two
stages in this case. A first stage comprises the two cover disk
elements mentioned above as input region or primary side and
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a central disk element 130 as secondary side or output region.
This central disk element 130 is rotatable with respect to the
two cover disk elements around the axis of rotation A by
means of a first spring set of the spring unit 64 and at the same
time in its radially inner region also forms the input region or
primary side of a radially inner second damper stage. This
damper stage acts in series with the first damper stage and
includes two additional cover disk elements as output side or
secondary side, which also provides the secondary side 62 of
torsional vibration damper 58 at the same time. These addi-
tional cover disk elements are arranged at both sides of the
central disk element 130 and can be connected, e.g., screwed,
to a supplementary mass 84 which is disk-shaped in the
present case. Another spring set of the spring unit 64 of
torsional vibration damper 58 acts between these two addi-
tional cover disk elements and the central disk element 130
and accordingly allows a relative rotation of these two system
areas with respect to one another.

Radially inwardly, the supplementary mass 84 is in rota-
tional coupling engagement with the housing 30 and a drive-
side housing shell 104 thereof by means of teeth 132. The ring
gear 78 in meshing engagement with the teeth 74 of the planet
gears 72 is fastened, e.g., riveted, to this housing shell 104
radially outwardly.

The planet gear carrier 70 supporting the planet gears 72 is
connected to an input hub 136 radially inwardly, for example,
by means of a Hirth joint, and using a clamping sleeve 134.
This input hub 136 is in turn fixedly connected to the primary
side 60 of the torsional vibration damper 58 so that a branch-
ing into the two torque transmission paths 46 and 48 takes
place in the region of this drive hub 136.

The ring gear 80 which is in meshing engagement with the
teeth 76 of the planet gears 72 is fixedly connected to the
primary side 94 of the torsional vibration damper 90, for
example, by screwing, riveting or in some other way. This
primary side 94 comprises two cover disk elements which are
fixedly connected to one another at an axial distance from one
another, and a central disk element of the secondary side 96 is
received therebetween. This central disk element is fixedly
connected to the driven member 44, for example, by welding,
riveting or the like or, as is shown in the present case, is
formed integral with it. The primary side 94 of the torsional
vibration damper 90 is supported radially relative to the
planet gear carrier 70 and, therefore, also relative to the input
region 136 by a sleeve-like bearing element 138 which is
connected, for example, together with the planet gear carrier
70, to the drive hub 136. An axial misalignment between the
rotation axis of a driving shaft and the rotation axis ofa driven
shaft which is to be coupled to the driven member 44 can be
compensated by the radial relative movability of the second-
ary side 96 with respect to the primary side 94 of the torsional
vibration damper 90.

An axial bearing support of the secondary side 62 of the
torsional vibration damper 58, i.e., of the cover disk elements
provided in the second damper stage, relative to the primary
side 60 of the torsional vibration damper can be carried out,
for example, directly via a bearing element 140 shown in FIG.
11. A radial bearing support of the secondary side 62 of the
torsional vibration damper 58 can be realized by the toothed
engagement of the supplementary mass 84 with the housing
30, and the bearing support of the housing 30 on the input hub
136 can be realized by means of bearing 124. The planet gear
carrier 70 is axially supported with respect to the housing 30
by a bearing 142. In the other axial direction, this is supported
by the bearing element 138 at the primary side 94 of the
torsional vibration damper 90 which is supported axially with
respect to a driven-side housing shell 147 by another axial
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bearing 144. On the drive side, the housing 30 is sealed with
respect to the input hub 136 by means of the dynamic seal
arrangement 120 on a comparatively smaller radius. The
housing 30 and pump hub 36 thereof is sealed with respect to
the transmission 10 on a somewhat greater radius by the
dynamic seal 42.

The adjustment of vibration damping behavior can be car-
ried out in this embodiment variant particularly by configur-
ing the mass of the primary side 60 and secondary side 62 of
the torsional vibration damper 58 and also by selecting the
mass or mass moment of inertia of the supplementary mass in
cooperation, of course, with the spring stiffness of the spring
unit 64.

FIG. 12 shows a further development of the embodiment
shown in FIG. 10. Here, a vibration damping arrangement 89,
in this case in the form of a fixed frequency mass damper as
was described above with reference to FIG. 7, is provided
additionally in the first torque transmission path 46. A fly-
wheel mass 114 with one or more mass parts is connected to
the housing 30 and provided in the interior 40 thereof by
means of one or more springs 116 which are formed, for
example, as helical compression springs or as elastomer
blocks, for example, rubber elements or the like.

It is to be noted that the various aspects contributing to
vibration damping such as, e.g., a plurality of torsional vibra-
tion dampers acting in series or in parallel in the oscillation
system 66 and/or in the further oscillation system 90 in con-
nection with one or more additional vibration damping
arrangements in the embodiment forms described above can
be provided regardless of whether parts of the system areas
contributing to the vibration damping are arranged inside the
housing 30 or outside the housing. In other words, all of the
aspects mentioned above which contribute to the damping of
torsional vibrations can be combined in any way. This applies
equally to the embodiment of the coupling arrangement or
planetary transmission arrangement thereof. The latter can be
provided by ring gears or sun gears. It also goes without
saying that the planet gears distributed in circumferential
direction around the axis of rotation can be formed integral
with the two sets of teeth 74, 76 or can be assembled in each
instance from two parts, each of which provides one set of
teeth.

Thus, while there have shown and described and pointed
out fundamental novel features of the invention as applied to
a preferred embodiment thereof, it will be understood that
various omissions and substitutions and changes in the form
and details of the devices illustrated, and in their operation,
may be made by those skilled in the art without departing
from the spirit of the invention. For example, it is expressly
intended that all combinations of those elements and/or
method steps which perform substantially the same function
in substantially the same way to achieve the same results are
within the scope of the invention. Moreover, it should be
recognized that structures and/or elements and/or method
steps shown and/or described in connection with any dis-
closed form or embodiment of the invention may be incorpo-
rated in any other disclosed or described or suggested form or
embodiment as a general matter of design choice. It is the
intention, therefore, to be limited only as indicated by the
scope of the claims appended hereto.

The invention claimed is:

1. A torsional vibration damping arrangement, comprising:

an input region;

an output region;

a first torque transmission path provided between the input
region and the output region;
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a second torque transmission path provided between the
input region and the output region, and parallel to the
first torque transmission path;

acoupling arrangement provided between the input region
and the output region, said coupling arrangement being
a planetary transmission arrangement constructed to
superpose torques transmitted via the first and second
torque transmission paths; and

a phase shifter arrangement located at least in the first
torque transmission path and constructed to generate a
phase shift of rotational irregularities transmitted via the
first torque transmission path relative to rotational
irregularities transmitted via the second torque transmis-
sion path.

2. The torsional vibration damping arrangement according

to claim 1, wherein the phase shifter arrangement includes a
first oscillation system having a primary side and a secondary
side which is rotatable relative to the primary side around an
axis of rotation against a force of a spring arrangement.

3. The torsional vibration damping arrangement according
to claim 2, wherein the output region includes a further oscil-
lation system having a primary side and a secondary side
which is rotatable relative to the primary side of the further
oscillation system against an action of a further spring
arrangement.

4. The torsional vibration damping arrangement according
to claim 1, further comprising:

ahousing arrangement which is rotatable around an axis of
rotation, is fillable with a fluid, and surrounds at least the
coupling arrangement.

5. The torsional vibration damping arrangement according
to claim 4, wherein the housing arrangement surrounds at
least a portion of the phase shifter arrangement.

6. The torsional vibration damping arrangement according
to claim 5, wherein at least part of the phase shifter arrange-
ment is arranged outside of the housing arrangement.

7. The torsional vibration damping arrangement according
of claim 4, wherein a torque flow from the housing arrange-
ment and the input region to a driven member cannot be
interrupted.

8. The torsional vibration damping arrangement according
to claim 7, wherein the driven member comprises a driven hub
capable of coupling to a driven shaft, for common rotation
around an axis of rotation.

9. The torsional vibration damping arrangement according
to claim 8, wherein the driven shaft includes a transmission
input shaft.

10. The torsional vibration damping arrangement accord-
ing to claim 4, wherein the housing arrangement comprises a
drive formation for driving a fluid pump for conveying fluid
into the housing arrangement.

11. The torsional vibration damping arrangement accord-
ing to claim 1, wherein the planetary transmission arrange-
ment includes a planet gear carrier which is connected to the
second torque transmission path and which has a plurality of
planet gears rotatably supported thereon.

12. The torsional vibration damping arrangement accord-
ing to claim 11, wherein the planetary transmission arrange-
ment includes:

a first coupling gear arrangement in meshing engagement
with the planet gears and connected to the first torque
transmission path, and

a second coupling gear arrangement in meshing engage-
ment with the planet gears and connected to the output
region.

13. The torsional vibration damping arrangement accord-

ing to claim 12, wherein the first coupling gear arrangement
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in connection with the planet gears and the second coupling
gear arrangement in connection with the planet gears provide
transmission ratios that are identical to one another.

14. The torsional vibration damping arrangement accord-
ing to claim 12, wherein the first coupling gear arrangement
in connection with the planet gears and the second coupling
gear arrangement in connection with the planet gears provide
transmission ratios that are different from one another.

15. The torsional vibration damping arrangement accord-
ing to claim 12, wherein each one of the first coupling gear
arrangement and the second coupling gear arrangement com-
prises a respective ring gear arrangement.

16. The torsional vibration damping arrangement accord-
ing to claim 12, wherein each one of the first coupling gear
arrangement and the second coupling gear arrangement com-
prises a respective sun gear arrangement.

17. The torsional vibration damping arrangement accord-
ing to claim 3, wherein at least one of the first oscillation
system and the further oscillation system includes at least two
vibration dampers arranged in series with one another, each of
the at least two vibration dampers including a primary side
and a secondary side which is rotatable relative to the primary
side.

18. The torsional vibration damping arrangement accord-
ing to claim 3, wherein at least one of the first oscillation
system and the further oscillation system includes at least two
vibration dampers working parallel with one another, and
each ofthe at least two vibration dampers including a primary
side and a secondary side which is rotatable relative to the
primary side.

19. The torsional vibration damping arrangement accord-
ing to claim 3, wherein at least one of the first oscillation
system and the further oscillation system comprises a speed-
adaptive vibration damping arrangement having at least one
deflection mass which can be deflected in a circumferential
direction from a basic position and which in so doing changes
its distance from the axis of rotation.

20. The torsional vibration damping arrangement accord-
ing to claim 3, wherein at least one of the first oscillation
system and the further oscillation system includes a fixed-
frequency vibration damping arrangement having at least one
oscillation mass which can be deflected against an action of a
return spring arrangement.

21. The torsional vibration damping arrangement accord-
ing to claim 3, further comprising:

afriction damping arrangement associated with at least one

of the first oscillation system and the further oscillation
system, the friction damping arrangement opposing a
relative rotation between the primary side and the sec-
ondary side of at least one of the first oscillation system
and the further oscillation system.

22. The torsional vibration damping arrangement accord-
ing to claim 1, wherein the torsional vibration damping
arrangement is for a drivetrain with an automatic transmis-
sion.

23. A drivetrain for a vehicle, comprising:

an automatic transmission with a transmission input shaft

and a torque flow interrupting arrangement internal to
the transmission for selectively interrupting a torque
transmission connection between the transmission input
shaft and a transmission output shaft; and

a torsional vibration damping arrangement according to

claim 1, wherein the output region is coupled with the
transmission input shaft region for common rotation.
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